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ZHUHDEVHQWRUZHUHVPDOODQGRIVKRUWGXUDWLRQ'XULQJ
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ZDVVRPHZKDWYHQWURIOH[HG5HFWDOWHPSHUDWXUHZDVPDLQWDLQHGEHWZHHQDQG&E\DWKHUPRVWDWLFDOO\
FRQWUROOHGKHDWLQJEODQNHW7KHEODGGHUZDVHPSWLHGE\PDQXDOFRPSUHVVLRQDWLQWHUYDOV6\VWROLFEORRG
SUHVVXUHVZHUHDERYHPP+JWKURXJKRXW$WWKHHQGRIWKHH[SHULPHQWWKHDQLPDOVZHUHHLWKHUNLOOHGZLWKDQ
RYHUGRVHRIDQHVWKHWLFRUZHUHJLYHQDVXSSOHPHQWRIDQHVWKHWLFDQGNLOOHGE\SHUIXVLRQIRUKLVWRORJ\VHH
EHORZ
 0RVWRIWKHGDWDDFFHSWDEOHPRWRQHXURQUHFRUGLQJVVHHEHORZFRPHIURPDQLPDOVZKHUH
WKHSULPDU\DLPZDVWRPHDVXUHWKHFRQQHFWLRQVIURP(%61VWRPRWRQHXURQVXVLQJVSLNHWULJJHUHGDYHUDJLQJ
EXWLQWKHRWKHUDQLPDOVDFFHSWDEOHPRWRQHXURQUHFRUGLQJVWKHSULPDU\DLPZDVLQWUDFHOOXODUUHFRUGLQJ
IURPLQWHUQHXURQV0HHKDQHWDODQGWKHPRWRQHXURQUHFRUGLQJVZHUHDQLQHYLWDEOHE\SURGXFW7KHVH


DQLPDOVZHUHYDJRWRPL]HGDQGPRVWDOVRUHFHLYHGDELODWHUDOSQHXPRWKRUD[5HVXOWVGLGQRWGLIIHUEHWZHHQ
WKHVHWZRJURXSVVRWKH\DUHFRQVLGHUHGWRJHWKHU

 1HUYHVVHH)LJRI6D\ZHOOHWDOZHUHSUHSDUHGIRUVWLPXODWLRQYLDSODWLQXPZLUHHOHFWURGHVRQ
WKHOHIWVLGHRIWKHVHJPHQWLPPHGLDWHO\DERYHWKHOHVLRQDVGHVFULEHGLQGHWDLOE\6D\ZHOOHWDOD
EXQGOHRIGRUVDOUDPXVQHUYHV.LUNZRRGet al.WKHH[WHUQDOLQWHUFRVWDOQHUYHWKHPRVWSUR[LPDO
SRLQWRQWKHLQWHUQDOLQWHUFRVWDOQHUYHLQFRQWLQXLW\EXWDUUDQJHGWREHOLIWHGDZD\IURPWKHYROXPHFRQGXFWRU
VHSDUDWHO\IURPWKHH[WHUQDOLQWHUFRVWDOQHUYHVRDVWRDYRLGVWLPXOXVVSUHDGWKHODWHUDOEUDQFKRIWKH
LQWHUQDOLQWHUFRVWDOQHUYHWKHGLVWDOUHPDLQGHURIWKHLQWHUQDOLQWHUFRVWDOQHUYH7KHVHQHUYHVZHUHXVHGIRU
DQWLGURPLFLGHQWLILFDWLRQRIPRWRQHXURQVZKLFKWKHUHIRUHIHOOLQWRDQDWRPLFDOFDWHJRULHV7KHILUVWWZRQHUYHV
LGHQWLILHGGRUVDOUDPXV'5PRWRQHXURQVRUH[WHUQDOLQWHUFRVWDOQHUYH(,PRWRQHXURQV5HVSRQVHVWRWKH
ODWHUDOEUDQFKRIWKHLQWHUQDOLQWHUFRVWDOQHUYHLGHQWLILHGH[WHUQDODEGRPLQDOREOLTXH(2PRWRQHXURQV6HDUV
aZKLOHPRWRQHXURQVH[FLWHGIURPWKHSUR[LPDOHOHFWURGHVRQWKHLQWHUQDOLQWHUFRVWDOQHUYHEXWQRWIURP
HLWKHURIWKHPRUHGLVWDOEUDQFKHVZHUHLGHQWLILHGDVLQQHUYDWLQJWKHSUR[LPDOSDUWRILQWHUQDOLQWHUFRVWDORU
LQWUDFRVWDOLV6HDUVaPXVFOHV,,PPRWRQHXURQV7KRVHLGHQWLILHGIURPWKHGLVWDOUHPDLQGHU'LVW
PRWRQHXURQVLQQHUYDWHGWKHGLVWDOSDUWRILQWHUQDOLQWHUFRVWDOPXVFOHRWKHUDEGRPLQDOPXVFOHVSDUDVWHUQDO
LQWHUFRVWDOPXVFOHRUWULDQJXODULVVWHUQLRQO\DW7)RUPRUHGHWDLORIWKHPXVFOHVLQQHUYDWHGDQGIRU
UHIHUHQFHVVHH0HHKDQHWDODQG6D\ZHOOHWDO,QWKHH[SHULPHQWVDLPHGSULPDULO\DW
UHFRUGLQJIURPLQWHUQHXURQVWKHODWHUDODQGGLVWDOLQWHUQDOLQWHUFRVWDOQHUYHEUDQFKHVZHUHQRWSUHSDUHGDQG
WKHZKROHLQWHUQDOLQWHUFRVWDOQHUYHFXWZDVVWLPXODWHGDWWKHSUR[LPDOVLWH,QWKHVHDQLPDOVWKHUHZHUHWKXV
RQO\WKUHHFDWHJRULHV'5(,DQGLQWHUQDOLQWHUFRVWDOQHUYH,,Q$FRPELQHGFDWHJRU\RI(2'LVW,,P,,Q
WRJHWKHUDOOLQWHUQDOLQWHUFRVWDOQHUYHJURXSVZDVGHILQHGDV,,17KHOHIWH[WHUQDOLQWHUFRVWDOQHUYHRIDURVWUDO
VHJPHQWPRVWRIWHQ7ZDVSUHSDUHGIRUUHFRUGLQJHIIHUHQWGLVFKDUJHVZKLFKZHUHXVHGWRGHILQHWKHWLPLQJ
RIFHQWUDOLQVSLUDWLRQ
 $WKRUDFLFODPLQHFWRP\ZDVPDGHWKHGXUDRSHQHGDQGVPDOOSDWFKHVRISLDUHPRYHGIURPWKHGRUVDO
FROXPQVRIWKHVHJPHQWDERYHWKHOHVLRQWREHXVHGIRUPRWRQHXURQUHFRUGLQJ6WLPXODWLQJHOHFWURGHVRQH
SDLURQHDFKVLGHRIWKHFRUGZHUHLQVHUWHGLQWRWKHOHIWVSLQDOFRUGVHJPHQWVEHORZWKHOHVLRQDVLQ
.LUNZRRGHWDOWRJHWKHUZLWKDQRWKHUSDLURQWKHOHIWVLGHPPURVWUDOWRWKHURVWUDOHGJHRIWKHVFDU
WLVVXHRYHUO\LQJWKHOHVLRQDQGDVKDSHGSUHVVXUHSODWHOLJKWO\DSSOLHGWRWKHFRUGGRUVXPRIWKHVHJPHQW
DERYHWKHOHVLRQWRDLGPHFKDQLFDOVWDELOLW\7KHODPLQHFWRP\DQGQHUYHVZHUHVXEPHUJHGLQDVLQJOHSDUDIILQ
RLOSRROFRQVWUXFWHGIURPVNLQIODSV,QRIWKHDQLPDOVDQRFFLSLWDOFUDQLRWRP\ZDVPDGHWKHGXUDRSHQHG
DQGDVPDOOSDWFKRISLDUHPRYHGIURPWKHULJKWVLGHRIWKHPHGXOOD
 
Recording procedures.
 7KHDFWLYLWLHVRI(%61VZHUHUHFRUGHGH[WUDFHOOXODUO\LQWKHULJKWFDXGDOPHGXOODYLDJODVV
PLFURHOHFWURGHVEURNHQEDFNWRDWLSGLDPHWHURI±ȝPDQGILOOHGZLWK01D&OLQWURGXFHGLQWRWKH
PHGXOODWKURXJKDKROHLQDVPDOOSUHVVXUHSODWHDQGZLWKFRQYHQWLRQDODPSOLILFDWLRQ(%61VZLWKLQQXFOHXV
UHWURDPELJXXVDURXQGPPFDXGDOWR2EH[ZHUHLGHQWLILHGE\WKHLUH[SLUDWRU\ILULQJSDWWHUQVDQGE\
DQWLGURPLFLGHQWLILFDWLRQIURPWKHVWLPXODWLQJHOHFWURGHVRQWKHOHIWVLGHURVWUDOWRWKHOHVLRQPVSXOVHV
7KH\ZHUHDOVRWHVWHGIRUDQWLGURPLFDFWLYDWLRQIURPWKHHOHFWURGHVFDXGDOWRWKHOHVLRQDQGRQO\DFFHSWHGIRU


VWXG\LIWKH\IDLOHGWREHDFWLYDWHGDWWKLVVLWHDQGZHUHWKHUHIRUHGHHPHGWRKDYHEHHQD[RWRPL]HGLQWKH
OHVLRQ7KLVLVMXVWLILHGE\WKHKLJKSURSRUWLRQRI(%61D[RQVWKDWZHUHDQWLGURPLFDOO\DFWLYDWHGDW7
DQGZKLFKFRXOGDOVREHDFWLYDWHGIURP75RDGHWDO,QIRXURIWKHH[SHULPHQWVWZRUHFRUGLQJ
HOHFWURGHVZHUHXVHGPRXQWHGRQVHSDUDWHPDQLSXODWRUVVRWKDWWZR(%61VFRXOGEHXVHGIRU67$ZLWKHDFK
PRWRQHXURQ
,QWUDFHOOXODUUHFRUGLQJVZHUHPDGHIURPPRWRQHXURQVRQWKHOHIWVLGHDQWLGURPLFDOO\LGHQWLILHGIURP
VWLPXODWLRQRIWKHSHULSKHUDOQHUYHVVHHDERYHXVLQJJODVVPLFURHOHFWURGHVLQVHUWHGLQWRWKHFRUGWKURXJK
WKHGRUVDOFROXPQVDWDQDQJOHWLSODWHUDORIEHWZHHQDQGGHJUHHV5HFRUGLQJVIRUPRVW
PRWRQHXURQVZHUHREWDLQHGZLWKHOHFWURGHVRIH[WHUQDOWLSGLDPHWHUȝPUHVLVWDQFH0ȍILOOHG
ZLWK0SRWDVVLXPDFHWDWHDOWKRXJKWKHHOHFWURGHVXVHGIRURIWKHPRWRQHXURQVKDGILQHUWLSVDQGZHUH
ILOOHGZLWK1HXURELRWLQ9HFWRUODERUDWRULHVLQ07ULVEXIIHUS+SOXV0SRWDVVLXPDFHWDWH
DVXVHGIRULQWUDFHOOXODUODEHOOLQJRILQWHUQHXURQV0HHKDQHWDO
 6LPXOWDQHRXVUHFRUGLQJVIURPWKH(%61VLQWUDFHOOXODUUHFRUGLQJVIURPWKHPRWRQHXURQVDQGWKH
HIIHUHQWGLVFKDUJHVLQWKHURVWUDOH[WHUQDOLQWHUFRVWDOQHUYHZHUHVWRUHGRQPDJQHWLFWDSHDQGRUDFTXLUHG
IRUFRPSXWHUDQDO\VLV6SLNH&('&DPEULGJH8.%RWKDORZJDLQGFYHUVLRQDQGDKLJKJDLQKLJK
SDVVILOWHUHGWLPHFRQVWDQWPVYHUVLRQRIWKHPRWRQHXURQPHPEUDQHSRWHQWLDOZHUHLQFOXGHG7KH
URVWURFDXGDOSRVLWLRQVRIWKHPRWRQHXURQVZHUHQRWHGZLWKUHVSHFWWRWKHPRVWURVWUDOGRUVDOURRWRQWKHOHIWRI
WKHVHJPHQWDQGIHOOZLWKLQWZRUHJLRQVDSSUR[LPDWHO\PPRIWKDWURVWUDOURRWRUPPRIPPPRUH
FDXGDOVRDVWREHFRQVLVWHQWZLWKWKHFRQWUROGDWDIURP6D\ZHOOHWDO

Analysis 
 7ZREDVLFFRPSDULVRQVZHUHPDGHZLWKWKHFRQWUROGDWD)LUVWDGHVFULSWLRQRIWKHW\SHVDQG
DPSOLWXGHVRIWKHFHQWUDOUHVSLUDWRU\GULYHSRWHQWLDOV&5'3V6HDUVEDVVHHQLQWKHGFUHFRUGLQJDQG
VHFRQGDQDQDO\VLVRIWKHFRQQHFWLYLW\EHWZHHQWKH(%61VDQGWKHPRWRQHXURQVE\VSLNHWULJJHUHGDYHUDJLQJ
67$XVXDOO\YLDWKHKLJKJDLQUHFRUGLQJ)RU67$WKHVLQJOHXQLWQDWXUHRIWKH(%61UHFRUGLQJZDV
FRQILUPHGE\WKHDEVHQFHRIYHU\VKRUWLQWHUYDOVLQDQDXWRFRUUHODWLRQKLVWRJUDPPVELQVH[DPSOHVLQ)LJ
$DF7KHODJWRWKHILUVWSHDNRUWKHVKRXOGHURIWKHDXWRFRUUHODWLRQKLVWRJUDPZDVXVHGWRFDOFXODWHDQ
DSSUR[LPDWHPRGDOILULQJIUHTXHQF\RIWKH(%61.LUNZRRG)RUGHWDO'HOD\VLQWKHFROOLVLRQWHVW
DQGODWHQFLHVLQWKH67$PHDVXUHPHQWV)LJZHUHDOOUHIHUUHGWRWKHHDUO\ULVLQJSKDVHRIWKHPDLQ
QHJDWLYHJRLQJSKDVHRIWKHWULJJHUVSLNHV'DYLHVHWDO.LUNZRRG2UWKRGURPLFFRQGXFWLRQWLPHV
IRUWKH(%61VZHUHFDOFXODWHGIURPWKHFROOLVLRQWHVWURXWLQHO\DW[WKUHVKROGEXWVHH5HVXOWVDVWKHFULWLFDO
GHOD\PLQXVPV'DYLHVHWDOYHULILHGE\.LUNZRRGDQGFRQGXFWLRQYHORFLWLHVZHUHFDOFXODWHG
IURPWKHVHYDOXHVWRJHWKHUZLWKGLVWDQFHVIURPWKHPHGXOODWRWKHVWLPXODWLQJHOHFWURGHV7KHVHGLVWDQFHVZHUH
FDOFXODWHGIURPDWDEOHRIYDOXHVUHODWHGWRWKHZHLJKWRIWKHDQLPDODQGGHULYHGIURPWKHDQLPDOVXVHGE\
'DYLHVHWDOaDQG.LUNZRRG7KH(%61FRQGXFWLRQWLPHWRWKHDSSURSULDWHURVWUDORUFDXGDOSDUW
RIWKHVHJPHQWWKH
D[RQDOWLPH
'DYLHVHWDO.LUNZRRGZDVFDOFXODWHGDVWKHRUWKRGURPLF
FRQGXFWLRQWLPHWRWKHVWLPXODWLQJHOHFWURGHVPXOWLSOLHGE\WKHUDWLRRIGLVWDQFHVWRWKHPRWRQHXURQVLWHDQGWR
WKHVWLPXODWLQJHOHFWURGHV
 )RUPRWRQHXURQVWKDWZHUHILULQJVSRQWDQHRXVO\WULJJHUVSLNHVQHDUWLPHVRIVSRQWDQHRXVPRWRQHXURQ
VSLNHVZHUHHGLWHGRXWRIWKHUHFRUGVEHIRUHDQDO\VLVVRWKDWVXFKVSLNHVFRXOGQRWDIIHFWWKHDYHUDJHV$Q


HVVHQWLDOFULWHULRQIRUDQDYHUDJHGZDYHIRUPWREHDFFHSWHGDVDV\QDSWLFSRWHQWLDOZDVWKDWRIUHSHDWDELOLW\
WKHSRWHQWLDOLQGHSHQGHQWRIDQ\MXGJHPHQWDERXWV\QDSWLFOLQNDJHKDGWREHSUHVHQWZLWKDVLPLODUWLPH
FRXUVHDWWKHVDPHODWHQF\LQHDFKRIWKUHHVXFFHVVLYHDYHUDJLQJHSRFKV.LUNZRRG	6HDUV
&RQYHQWLRQDOVKDSHLQGLFHV5DOO-DFNHWDOZHUHPHDVXUHGIRUV\QDSWLFSRWHQWLDOV)LJDULVH
WLPHVIURPWRDPSOLWXGHDQGGXUDWLRQVDWDPSOLWXGHKDOIZLGWKV
 
Histological procedures
7KHKLVWRORJ\UHOHYDQWWRWKHVHH[SHULPHQWVFRQVLVWHGRIUHFRQVWUXFWLRQVRIWKHH[WHQWRIWKHVSLQDO
OHVLRQV$QLPDOVIURPWKHLQWHUQHXURQVHULHVZHUHKHSDULQL]HGDQGSHUIXVHGWKURXJKWKHOHIWYHQWULFOHZLWKD
VDOLQHULQVHIROORZHGE\SDUDIRUPDOGHK\GHLQSKRVSKDWHEXIIHUS+5HOHYDQWVHJPHQWVRIVSLQDO
FRUGZHUHUHPRYHGDQGVWRUHGLQWKHVDPHIL[DWLYH,QWKHRWKHUDQLPDOVWKHVHJPHQWRIWKHVSLQDOFRUG
FRQWDLQLQJWKHOHVLRQZDVUHPRYHGDQGLPPHUVLRQIL[HGLQIRUPROVDOLQH$IWHUDQDSSURSULDWHLQWHUYDO
VHULDOWUDQVYHUVHVHFWLRQVWKRXJKWKHZKROHURVWURFDXGDOH[WHQWRIWKHOHVLRQVZHUHFXWDQGPRXQWHGHLWKHU
ZD[HPEHGGHGȝPVWDLQHGZLWKFUHV\OYLROHWDQGOX[ROIDVWEOXHRUIUR]HQȝPDIWHUFU\RSURWHFWLRQ
LQVXFURVHDQGVWDLQHGZLWKQHXWUDOUHG2XWOLQHVRIWKHVHFWLRQVWKURXJKWKHOHVLRQZHUHWUDFHGYLDD
GUDZLQJWXEHWRUHFRQVWUXFWWKHPD[LPXPH[WHQWRIWKHOHVLRQQRWQHFHVVDULO\DOOIURPRQHVHFWLRQ'DUN
ILHOGLOOXPLQDWLRQZDVLQFOXGHGLQWKLVSURFHVVEHLQJSDUWLFXODUO\KHOSIXODWUHYHDOLQJVPDOODUHDVRI
P\HOLQDWLRQLQGLFDWLQJVSDUHGSRUWLRQVRIILEHUWUDFWV)LJ%

 0HDQYDOXHVDUHTXRWHGDV6',QVWDWLVWLFDOWHVWV3ZDVWDNHQDVVLJQLILFDQW

)LJQHDUKHUH

5(68/76

Lesions 
 7KHLQWHQGHGOHVLRQZDVDFRPSOHWHVHFWLRQRIDOOWKHZKLWHPDWWHURQWKHOHIWVLGHH[FHSWIRUWKH
GRUVDOFROXPQV+RZHYHUDVLQ)RUGHWDORQO\RIWKHOHVLRQVZHUHFRPSOHWHHJ)LJ$,QWKH
RWKHUVVRPHILEHUVZHUHVSDUHGODWHUDOO\DQGRUPHGLDOO\ZLWKLQVWHUHRW\SHGORFDWLRQVLQWKHVSLQDOFRUG
VHFWLRQVSUREDEO\GHWHUPLQHGE\WKHVKDSHRIWKHVFDOSHOEODGHDQGRUWKHVSLQDOFDQDO)LJ%&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ZDVDVVRFLDWHGZLWKODUJHDPSOLWXGHV\QFKURQL]HGV\QDSWLFQRLVHDQGDUHVSLUDWRUSKDVHGVWUHWFKUHIOH[
H[FLWDWLRQ+HUHQHLWKHURIWKHVHZDVREYLRXVWKRXJKODUJHDPSOLWXGHV\QDSWLFQRLVHXVXDOO\KDYLQJWKH
DSSHDUDQFHRILQGLYLGXDO(363VRU,363VZDVVSHFLILFDOO\QRWHGLQDQXPEHURIPRWRQHXURQV6XFKQRLVHZDV
SUREDEO\WKHUHDVRQZK\DUHODWLYHO\ODUJHSURSRUWLRQRI67$DYHUDJHVZHUHUHMHFWHGEHFDXVHRIKLJK


EDVHOLQHQRLVH,QSDUWLFXODUODUJHDPSOLWXGH(363VFRXOGRIWHQEHVHHQGXULQJSRVWLQVSLUDWRU\
GHSRODUL]DWLRQV7KHVPDOOGHIOHFWLRQVRIDPSOLWXGHP9GXULQJSRVWLQVSLUDWLRQLQ)LJ%'ZKLFKFRXOG
EHFRQIXVHGIRUPLQLDWXUHVSLNHVZKHQVHHQRQWKHWLPHVFDOHXVHGLQWKHILJXUHZHUHDFWXDOO\(363VDVZDV
DSSDUHQWZKHQWKHUHFRUGLQJVZHUHH[DPLQHGRQDIDVWHUWLPHVFDOH)LJ

)LJQHDUKHUH

 7KHWRQLFH[FLWDWLRQREVHUYHGE\.LUNZRRGHWDOZDVLQWHUSUHWHGDVRULJLQDWLQJLQLQWHUQHXURQV
UHOHDVHGE\WKHOHVLRQVIURPGHVFHQGLQJFRQWUROV:HVXJJHVWWKHVDPHLVOLNHO\WREHWKHFDVHKHUHWKRXJKLQ
WKHDEVHQFHRIWKHV\QFKURQL]DWLRQDQGWKHVWUHWFKUHIOH[SUREDEO\QRWWKHVDPHLQWHUQHXURQV:HVXJJHVW
LQWHUQHXURQVDVWKHVRXUFHUDWKHUWKDQDQLQFUHDVHGLQSXWIURPGHVFHQGLQJILEHUVEHFDXVH(GHFEXOERVSLQDO
QHXURQVKDYHYHU\UDUHO\EHHQVHHQ0LOOHUHWDO(]XUH%RHUVHWDO)RUG	.LUNZRRG
DQGQRQHZHUHVHHQGXULQJWKLVVHULHV1RUGLGZHVHHDQ\DSSUHFLDEOHSRVWLQVSLUDWRU\GLVFKDUJHLQDQ\RIWKH
(%61VUHFRUGHGKHUH1HYHUWKHOHVVZHFDQQRWWRWDOO\H[FOXGHDQLQFUHDVHG(GHFLQSXWIURPWKHPHGXOODIRU
LQVWDQFHLIWKHUHZDVDSRSXODWLRQRI(GHFEXOERVSLQDOQHXURQVWKDWZHUHVPDOODQGKDUGWRUHFRUGIURPDQG
KHQFHDV\HWXQLGHQWLILHG
$VIRUWKHVXJJHVWLRQRID³UHOHDVH´SKHQRPHQRQUDWKHUWKDQORQJHUWHUPSODVWLFLW\ZHFDQDJDLQRQO\
IROORZWKHORJLFRI.LUNZRRGHWDOZKHUHDQLQFUHDVHGSRVWLQVSLUDWRU\FRPSRQHQWRIWKHH[WHUQDO
LQWHUFRVWDOQHUYHGLVFKDUJHVZDVUHFRUGHGDVHDUO\DVGD\VSRVWOHVLRQ.LUNZRRGHWDO)LJ$+HUH
RQO\WKHRQHWLPHSRLQWZHHNVSRVWOHVLRQZDVVWXGLHG2QHPLQRUFDYHDWPXVWDOVREHNHSWLQPLQGZKHQ
FRPSDULQJWKHSUHVHQWUHVXOWVZLWKWKRVHRI.LUNZRRGHWDOLQWKDWLQWKHSUHYLRXVVWXG\WKHLSVLODWHUDO
GRUVDOFROXPQVZHUHVHFWLRQHGZKHUHDVKHUHWKH\ZHUHJHQHUDOO\VSDUHG
 7KHTXHVWLRQFDQEHDVNHGDVWRZKHWKHUWKHLQFUHDVHGSRVWLQVSLUDWRU\FRPSRQHQWVZHUHSDUWRID
XVHIXOIXQFWLRQDODGDSWDWLRQWRWKHFKDQJHGPHFKDQLFDOFLUFXPVWDQFHVIROORZLQJWKHOHVLRQV)LUVWLWVKRXOGEH
QRWHGWKDWVXFKPHFKDQLFDOFKDQJHVDUHQRWDVODUJHDVRQHPLJKWLPDJLQH,WLVQRWWKHFDVHWKDWWKH
SUHYLRXVO\EDODQFHGGULYHWRDGMDFHQWLQWHUFRVWDOVSDFHVZRXOGKDYHEHHQORVWWKHVLWXDWLRQKHUHVKRXOGKDYH
EHHQWKHVDPHDVLQWKHH[SHULPHQWVRI.LUNZRRGHWDOZKHUHWKHUHVSLUDWRU\RXWSXWLQWKHVHJPHQWV
EHORZWKHOHVLRQZDVUHVWRUHGWRQHDUQRUPDOOHYHOVDOEHLWLQFOXGLQJDWRQLFFRPSRQHQW,QDQ\FDVHLIWKH
LQFUHDVHGSRVWLQVSLUDWRU\FRPSRQHQWVGLGFRPSULVHDIXQFWLRQDODGDSWDWLRQVXFKDQDGDSWDWLRQVKRXOGEH
FRQVLGHUHGDVSODVWLFLW\QRWDUHIOH[HIIHFWVLQFHWKHPHFKDQLFDOFLUFXPVWDQFHGXULQJWKHH[SHULPHQWVZLWK
QHXURPXVFXODUEORFNDGHDQGDUWLILFLDOYHQWLODWLRQVKRXOGKDYHEHHQWKHVDPHLQWKHSUHVHQWH[SHULPHQWVDVLQ
WKHFRQWUROV,WFDQDOVREHDUJXHGWKDWLIWKHDGDSWDWLRQLVIXQFWLRQDOLWLVOLNHO\WKDWWKHIXQFWLRQFRQFHUQHGLV
QRWUHVSLUDWRU\EHFDXVHWKHDGGLWLRQDOH[FLWDWLRQVHHPHGWREHYHU\JHQHUDOWRDOOFODVVHVRIPRWRQHXURQDQG
QRWVHOHFWLYHWRRQHRURWKHUOD\HURUUHJLRQRIWKHWKRUD[+RZHYHUWKLVDUJXPHQWFDQQRWEHFRQFOXVLYHJLYHQ
RXUOLPLWHGXQGHUVWDQGLQJRIWKHIXQFWLRQDOV\QHUJLHVRIWKHPXVFOHVFRQFHUQHGVHHGLVFXVVLRQLQ)RUGHWDO

 7KHIXQFWLRQDOUROHRIWKHSRVWLQVSLUDWRU\FRPSRQHQWVRIH[FLWDWLRQLQJHQHUDOQHYHUWKHOHVVQHHGV
VRPHFRQVLGHUDWLRQ(DVWRQHWDODUJXHGDJDLQVWDFRPPRQO\DFFHSWHGYLHZ5HPPHUV	%DUWOHWW
WKDWWKLVFRPSRQHQWKDGDVSHFLILFUHVSLUDWRU\UROHWKDWRIVORZLQJWKHHDUO\H[SLUDWRU\DLUIORZE\
SRLQWLQJRXWWKDWLQWKHDZDNHGRJWKHFRPSRQHQWZDVPXFKODUJHUIRUWKHLQWHURVVHRXVLQWHUFRVWDOVWKDQIRU


WKHPRUHLPSRUWDQWLQVSLUDWRU\PXVFOHVWKHSDUDVWHUQDOLQWHUFRVWDOV+HUHWKHUHZDVQRDSSDUHQWGLIIHUHQFHIRU
WKHSRVWLQVSLUDWRU\WRLQVSLUDWRU\UDWLREHWZHHQWKH(,DQGWKH,,1PRWRQHXURQVIRUHLWKHUWKHFRQWURORUWKH
OHVLRQSRSXODWLRQV)LJ+RZHYHUWKLVGRHVQRWPHDQWKDWZHDUHWKHUHIRUHDUJXLQJIRUDVSHFLILFUHVSLUDWRU\
IXQFWLRQ7KHJUHDWYDULDELOLW\DQGDSSDUHQWLQGHSHQGHQFHEHWZHHQWKHLQVSLUDWRU\DQGSRVWLQVSLUDWRU\
FRPSRQHQWVUDWKHUDUJXHVWKHUHYHUVH2QHQHZFOXHDVWRDSRVVLEOHIXQFWLRQIRUWKLVFRPSRQHQWKDVFRPH
IURPUHFHQWDQDO\VHVRIWKHUHVSLUDWRU\GULYHLQKLQGOLPEPRWRQHXURQV7KLVGULYHLVPRVWRIWHQRIWKH(GHFW\SH
)RUG	.LUNZRRGDQGLWQRZVHHPVPRVWOLNHO\DWOHDVWLQWKHGHFHUHEUDWHWKDWWKLVVLJQDOLV
WUDQVPLWWHGYLDWKHFHQWUDOSDWWHUQJHQHUDWRUIRUORFRPRWLRQDOORZLQJWKHORFRPRWRUGULYHWREHV\QFKURQL]HGWR
WKHUHVSLUDWRU\RQH:LHQHFNHHWDO,QWKHPHGXOODIURP5LFKWHURQZDUGVSRVWLQVSLUDWRU\
QHXURQVKDYHEHHQDVVLJQHGLPSRUWDQWUROHVLQWKHJHQHUDWLRQRIWKHQRUPDOUHVSLUDWRU\SDWWHUQHJ6PLWKHW
DO7KHVHREVHUYDWLRQVPLJKWVXJJHVWDPRUHJHQHUDOUROHIRUSRVWLQVSLUDWRU\QHXURQVLQSKDVH
WUDQVLWLRQVWKURXJKRXWWKHPHGXOODDQGVSLQDOFRUGDOWKRXJKZKDWLVVHHQLQOXPEDUPRWRQHXURQVDVKHUHLV
SRVWLQVSLUDWRU\H[FLWDWLRQZKHUHDVWKHUROHRIWKHVHQHXURQVLQWKHPHGXOODLVEHOLHYHGWREHLQKLELWRU\3RVW
LQVSLUDWRU\LQWHUQHXURQVDUHFRPPRQLQWKHWKRUDFLFVHJPHQWV.LUNZRRGHWDOLQFOXGLQJERWKH[FLWDWRU\
DQGLQKLELWRU\W\SHV6FKPLGHWDOEXWDVSRLQWHGRXWE\6D\ZHOOHWDOWKHIDFWWKDWWKH\
GHPRQVWUDWHWKLVUHVSLUDWRU\SDWWHUQLQWKHDQHVWKHWL]HGDQLPDOXQGHUK\SHUFDSQLDPD\PHUHO\UHIOHFWDGHIDXOW
EHKDYLRUXQGHUWKLVSDUWLFXODUFRQGLWLRQ,QDQDZDNHDQLPDOWKH\FRXOGUHIOHFWZKDWHYHUUK\WKPLFGULYHLV
GRPLQDQWDWDQ\RQHWLPH7KLVYLHZFRXOGEHVHHQDVDPRUHJHQHUDOH[SUHVVLRQRIWKHK\SRWKHVHVSXW
IRUZDUGE\'XWVFKPDQHWDOZKHUHWKHUDWKHUSDUWLFXODUQRQUHVSLUDWRU\UROHRISRVWLQVSLUDWRU\QHXURQV
LQFRQWUROOLQJWKHDLUZD\GHIHQVLYHDFWLRQVRIWKHODU\QJHDODGGXFWRUPXVFOHVZHUHHPSKDVLVHG,QWKH
FRQGLWLRQVRIWKHSUHVHQWH[SHULPHQWVZHGRQRWNQRZZK\WKHGULYHIURPWKHVHLQSXWVWRWKRUDFLFPRWRQHXURQV
VKRXOGEHH[DJJHUDWHG3HUKDSVLWVLPSO\UHIOHFWVWKHLUXELTXLW\
 )LQDOO\RQHPLJKWFRQVLGHUZKHWKHUWKHLQFUHDVHLQSRVWLQVSLUDWRU\GHSRODUL]DWLRQPLJKWUHSUHVHQWD
FKDQJHLQLQWULQVLFPRWRQHXURQSURSHUWLHV:HPDGHQRDWWHPSWWRPHDVXUHVXFKSURSHUWLHVEXWRQHFRXOG
QRWHWKDWWKHLQFUHDVHGGHSRODUL]DWLRQZDVVHHQERWKLQ(GHFPRWRQHXURQVZKHUHLWIROORZHGDSUHVXPHG
LQKLELWLRQDQGLQLQVSLUDWRU\PRWRQHXURQVZKHQLWIROORZHGDGHSRODUL]DWLRQ0RUHRYHUIRU&5'3VVXFKDVWKDW
LOOXVWUDWHGLQ)LJ'ZKHUHWKHODUJHSRVWLQVSLUDWRU\GHSRODUL]DWLRQVDUHVWURQJO\OLQNHGWRVLPLODUEHKDYLRULQ
WKHPRUHURVWUDOH[WHUQDOLQWHUFRVWDOQHUYHLWVHHPVPRVWOLNHO\WKDWDVWURQJV\QDSWLFH[FLWDWLRQLVLQYROYHG
ZKLFKLVDOVRFRQVLVWHQWZLWKWKHODUJHLQGLYLGXDO(363VRFFXUULQJDWWKHVHWLPHV)LJ

Absence of plasticity in the EBSN connections 
 7KHGLVWULEXWLRQRI(%61(363VLQWKHPRWRQHXURQVRIWKHVHJPHQWDERYHOHVLRQVZDVUHPDUNDEO\
VLPLODUWRWKDWLQWKHFRQWUROV7KLVZDVGHVSLWHWKHFRQVLGHUDEOHGHDIIHUHQWDWLRQWKDWZDVOLNHO\IRUWKH
PRWRQHXURQVDQGWKHVHYHUDQFHRIWKH(%61D[RQVLQWKHOHVLRQV7KHH[SHFWDWLRQIURPWKHSODVWLFLW\LQ(%61
SURMHFWLRQVUHSRUWHGHDUOLHU)RUGHWDOZDVWKDWWKHFRQQHFWLRQVPLJKWKDYHEHFRPHVWURQJHU,IDQ\WKLQJ
WKH\ZHUHIRXQGWREHZHDNHUWKRXJKQRWVLJQLILFDQWO\VR7KHRQHFDWHJRU\RIFRQQHFWLRQVWKDWDSSHDUHG
VWURQJHUWKRXJKDJDLQQRWVLJQLILFDQWO\VRWKDWWRWKH(GHFPRWRQHXURQVZRXOGDOVRSUREDEO\QRWUHSUHVHQWD
UHDOLQFUHDVHLQFRQQHFWLRQVWRWKHPRWRQHXURQVFRQFHUQHGHYHQLIWKHFKDQJHKDGEHHQVLJQLILFDQWVLQFHZH
FDQQRWNQRZKRZWKHVHPRWRQHXURQVZRXOGKDYHEHHQGHILQHGEHIRUHWKHOHVLRQV)RUPDQ\RIWKHVHLQWKH
,,1FDWHJRU\WKHLU&5'3VFRXOGSUHYLRXVO\KDYHVKRZQVPDOOH[SLUDWRU\UDPSVZKLFKZRXOGKDYHQHHGHGWKH


DGGLWLRQRIRQO\DUHODWLYHO\VPDOOSRVWLQVSLUDWRU\GHSRODUL]LQJFRPSRQHQWWREHFRQYHUWHGWRDQ(GHFWLPH
FRXUVH
 2IFRXUVHZHGRQRWNQRZZKHWKHURUQRWDQ\RIWKHFRQQHFWLRQVZHUHDFWXDOO\WKHVDPHDVEHIRUHWKH
OHVLRQVRUZKHWKHULQWKHLQWHUYHQLQJZHHNVDVHULHVRIFKDQJHVKDGRFFXUUHGHQGLQJXSZLWKFRQQHFWLRQV
LQWKHVDPHSURSRUWLRQVDQGVSHFLILFLWLHVDVRULJLQDOO\7KLVLVZK\ZHORRNHGFDUHIXOO\DWWKH(363VHJPHQWDO
GHOD\V:KHUHDVWKHYDULDWLRQVLQVHJPHQWDOGHOD\GRDOORZIRUDFHUWDLQDPRXQWRIVSURXWLQJDVZDVWKHFDVH
IRUWKHIRFDOV\QDSWLFSRWHQWLDOVLQ)RUGHWDOWKHFKDQJHVKHUHFRPSDUHGWRWKHFRQWUROV6D\ZHOOHWDO
)LJ$DUHQRWVXIILFLHQWWRFRQFOXGHWKDWWKLVKDVWDNHQSODFH7KHUHLVDVXIILFLHQWDOWHUQDWLYH
H[SODQDWLRQIRUWKHXQXVXDOO\VKRUWVHJPHQWDOGHOD\VDVH[SODLQHGXQGHU5HVXOWV1RWHWKDWLWPD\QRWRQO\EH
WKDWWKHDQWLGURPLFDFWLYDWLRQLQWKHFROOLVLRQWHVWKDGRFFXUUHGDWVLWHVRQFROODWHUDOVEXWLWFRXOGDOVREHWKDWWKH
PDLQD[RQFRQGXFWLRQYHORFLW\PD\KDYHLWVHOIEHHQUHGXFHGLQWKHIHZPPURVWUDOWRWKHOHVLRQ)RUWKH
VHJPHQWDOGHOD\VWKDWDUHXQXVXDOO\ORQJXSWRQHDUO\PVWKHUHLVFHUWDLQO\WLPHIRUDGLV\QDSWLFFRQQHFWLRQ
EXWQRWHWKDWLQ)RUGHWDOWKHUHZDVDVLPLODUWDLOLQWKHGLVWULEXWLRQRIVHJPHQWDOGHOD\VRIIRFDO
V\QDSWLFSRWHQWLDOVVXSSRUWHGE\DQHTXLYDOHQWGLVWULEXWLRQRIWHUPLQDOSRWHQWLDOV7KHWHUPLQDOSRWHQWLDOVKDYH
WLPHFRXUVHVWRRVKRUWWRKDYHEHHQUHFRUGHGRYHUDGLV\QDSWLFOLQN0RUHRYHULQDQ\SRSXODWLRQRIVLQJOHILEHU
(363VWKHUHDUHXVXDOO\DIHZZLWKDEQRUPDOO\ORQJODWHQFLHVDVDUHVXOWRIORQJRUEUDQFKHGFROODWHUDOVHJ
.LUNZRRG)LJ'DQGRUE\YLUWXHRIDQRULJLQLQDGHQGULWLFORFDWLRQ2QO\ZKHQDFOHDUO\VHSDUDWH
SRSXODWLRQRIPRWRQHXURQVZLWKDSSURSULDWHO\ORQJVHJPHQWDOGHOD\VFDQEHLQGHSHQGHQWO\LGHQWLILHGLVLWYDOLG
WRFRQFOXGHWKDWDSRSXODWLRQRIGLRUROLJRV\QDSWLFFRQQHFWLRQVH[LVWVGH$OPHLGD	.LUNZRRG
2YHUDOOWKHUHIRUHWKLVVWXG\KDVHPSKDVL]HGWKHVWDELOLW\LQWKH(%61FRQQHFWLRQVWRPRWRQHXURQV
GHVSLWHWKHH[WHQGHG(%61SURMHFWLRQVLGHQWLILHGE\)RUGHWDO+RZHYHUDWOHDVWWZRSRVVLELOLWLHVVWLOO
H[LVWIRUWKHVH7KHILUVWLVFRQQHFWLRQVWRLQWHUQHXURQV3OHQWLIXOLQWHUQHXURQVZLWKH[SLUDWRU\DFWLYLW\DUHSUHVHQW
LQWKHWKRUDFLFVSLQDOFRUGXQGHUWKHFRQGLWLRQVRIWKHVHH[SHULPHQWV.LUNZRRGHWDODQGWKHLUH[SLUDWRU\
DFWLYLW\LVDOPRVWFHUWDLQO\XOWLPDWHO\GHULYHGIURP(%61V$OWKRXJKVXFKFRQQHFWLRQVWRLQWHUQHXURQVKDYH\HW
WREHGHPRQVWUDWHGRQHFRXOGVSHFXODWHWKDWWKHQRQVLJQLILFDQWLQFUHDVHLQWKHH[SLUDWRU\UDPSDPSOLWXGH
REVHUYHGKHUHZDVWKHUHVXOWRILQFUHDVHGROLJRV\QDSWLFFRQQHFWLRQVYLDORFDOLQWHUQHXURQV7KHVHFRQG
SRVVLELOLW\LVWKDWRISRVVLEOHFRQQHFWLRQVWRJDPPDPRWRQHXURQVZKLFKDUHQRWJHQHUDOO\SUHVHQWLQDQ
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Table 2. Number and amplitudes of EPSPs in motoneurons of different groups. 
 
 
A. IIN Motoneurons with expiratory CRDPs 
 
  Connectivity             Amplitude (V)               
            Mean           Effective mean 
 
  Control  Lesion       Control Lesion  Control       Lesion 
 
Dist  16/26 (62%) 10/31 (32%)      22.2  35.0  13.6       11.3 
EO  12/20 (60%) 6/16 (38%)      41.9  20.1  25.1        7.5 
IIm  8/12 (75%) 7/13 (54%)      39.8  87.5  31.9        47.1 
IIn  8/22 (36%) 3/5 (60%)      79.3  24.9  28.8        14.9 
________________________________________________________________________  
Total IIN exp. 44/80 (55%) 26/65 (40%)      41.1  44.5  21.1       17.8 
 
B. Motoneurons with inspiratory CRDPs 
 
Dist  1/11  0/5       15.0  -  1.4        - 
IIn  2/8 (25%) -       9.3  -  2.3        - 
EI  2/16 (13%) 3/20 (15%)      38.2  39.2  5.1       5.9 
DR  3/14 (23%) 1/10 (10%)      19.7  16.7  4.2       1.7 
________________________________________________________________________           
Total insp. 8/49 (16%) 4/35 (11%)      20.1  33.5  3.3       3.8 
 
C. Motoneurons with Edec CRDPs 
 
Dist  0/1  6/10 (60%)      -  14.7  -       8.8 
EO  -  1/4 (25%)      -  33.9  -       8.5 
IIm  -  1/4 (25%)      -  7.5  -       1.9 
IIn  0/2  0/1       -  -  -       - 
EI  0/5  2/9 (22%)      -  17.3  -       8.8 
DR  1/5 (20%) 2/11 (18%)      34.0  14.4  6.8       2.6 
  ________________________________________________________________________  
Total Edec 1/13 (8%) 12/39 (31%)      34.0  33.6  2.6       4.9  
 
D. Motoneurons with other CRDPs and no CRDP  
 
Dist  0/1  0/1       -  -  -       - 
EO  -  0/1       -  -  -       - 
IIm  0/1  -       -  -  -       - 
IIn  0/2  -       -  -  -       - 
EI  1/2 (50%) 0/4       65.0  -  32.5       - 
DR  1/6 (17%) 0/13       6.0  -  1.0       - 
  ________________________________________________________________________  
Total other 2/12 (17%) 0/19       35.5  -  5.9       -       
 
Grand total  55/154 (36%) 42/158 (27%)      37.7  35.3  13.5       9.4  
 
 
E. Rostral vs. caudal parts of the segment  
 
Rostr IIn exp 27/52 (52%) 16/34 (47%)      39.8  31.0  20.7      14.6 
Rostr all other 9/57 (16%) 8/46 (18%)      20.5  16.5  3.2       2.9  
 
Caud IIn exp 17/28 (61%) 10/31 (32%)      43.3  64.7  23.9       20.9 
Caud all other 2/17 (12%) 8/47 (17%)      40.5  24.3  4.8       4.1  
________________________________________________________________________  
 
The effective mean includes all pairs tested for that group, with absence of an EPSP assigned an 
amplitude of zero 







